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A B S T R A C T
Purpose: We describe a case of normal tension glaucoma in the setting of sickle cell disease in a 9-year-old
patient with a five-year follow up.
Observations: A 9-year-old male patient with a history of sickle cell disease presented initially at the age of 4
years for evaluation of a brief episode of nonspecific eye pain that had spontaneously resolved prior to the clinic
visit. Over the course of several years, the patient was noted to have progressive optic disc cupping bilaterally,
retinal nerve fiber layer thinning bilaterally, and has developed a corresponding inferior arcuate defect on
automated visual field testing in the right eye, all without elevated intraocular pressures (IOP). After neuro-
ophthalmic pathologies were ruled out, the patient was diagnosed with glaucoma associated with sickle cell
disease and normal baseline IOP, and brimonidine therapy was initiated.
Conclusions and Importance: To our knowledge, this is the first reported case of normal-tension glaucoma in a
pediatric patient. Normal-tension glaucoma may be a consideration in the evaluation of pediatric glaucoma
suspects, but remains a diagnosis of exclusion.
1. Introduction
In the diagnosis of childhood glaucoma, elevated intraocular pres-
sure (IOP) is one of the several defining characteristics.1 To date, there
have been no convincing documented cases of progressive, glaucoma-
tous optic neuropathy in children without elevated IOP in the oph-
thalmic literature. In this report, we describe a child with progressive
glaucoma in the setting of normal IOP.
2. Case report
A 4-year-old African American boy initially presented for evaluation
of a brief episode of nonspecific eye pain that had spontaneously re-
solved prior to the clinic visit. The patient is a product of full-term
gestation, delivered by spontaneous vaginal delivery without compli-
cations. Medical history includes sickle cell disease, autoimmune he-
patitis, asthma, and mild chronic cardiac ventricular dilation. On exam,
the patient was asymptomatic, had a best-corrected visual acuity
(BCVA) of 20/30 right eye (OD) and 20/25 left eye (OS) at distance
without correction. IOP by rebound tonometry was 21mmHg both eyes
(OU; Icare USA, Raleigh, NC, USA). Slit lamp examination of the
anterior segments were unremarkable. Dilated fundus exam revealed
optic disc cupping with cup/disc ratio of 0.5 OD and 0.55 OS, and the
posterior poles were otherwise normal. Given the sickle cell disease
history, the patient was referred to a pediatric retinal specialist for
routine surveillance of sickle cell retinopathy, and was asked to return
in one year for a comprehensive eye exam.
Three months following the initial presentation, during the routi-
nely scheduled retinal evaluation, the patient was noted to have a
nontraumatic subhyaloid hemorrhage in the left eye. He was monitored
closely without surgical intervention, and the hemorrhage resolved
spontaneously after six weeks. Genetics evaluation confirmed sickle cell
disease but revealed no other systemic syndromes or hematologic is-
sues.
Thirteen months after initial presentation, the now 6-year-old pa-
tient returned for routine comprehensive examination. He had BCVA of
20/20 OU, with a mild myopic cycloplegic refraction (−1.75 sphere
OU). IOP were 18mmHg OD and 17mmHg OS by both Tonopen
(Reichert technologies, Depew, NY, USA) and rebound tonometry. Cup/
disc ratio was noted as 0.55 OD and 0.6 OS. Contact pachymetry re-
vealed central corneal thickness of 586 μm OD and 589 μm OS (DGH
Technology, Inc., Eton, PA, USA). Optical coherence tomography
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(Cirrus HD-OCT, Carl Zeiss Meditec, Inc., Dublin, CA, USA) retina nerve
fiber layer (OCT-RNFL) average thicknesses were 104 μm OD and 100
μm OS. The patient was thought to be a low-risk juvenile open angle
glaucoma suspect due to the disc appearance, and was scheduled for
routine exam with the pediatric glaucoma service in 6 months.
Over the next three years, the patient was seen seven times between
the pediatric glaucoma and pediatric retina clinics, with stable BCVA of
20/25 OD and 20/20 OS (cycloplegic refraction was−4.75 diopters OD
and −6.25 diopters OS) at the most recent follow up (age 9 years). IOP
ranged from 14 to 21mmHg OD and 14–22mmHg OS (Tonopen and
rebound tonometer) with visits that spanned both mornings and after-
noons.
Over the same time period, serial OCT-RNFL examination revealed
progressive thinning from a baseline of 104/100 μm (right/left eyes,
respectively) to 96/92 μm one year later (Fig. 1), 90/84 μm two years
later (Fig. 2), and 84/80 μm three years later (Fig. 3). Concentric en-
largement of the optic cup with superior thinning was noted in the right
eye on serial stereo photographs (Fig. 4). Repeated automated visual
field examination revealed an inferior arcuate defect in the right eye
which corresponded to a focal superior thinning on OCT-RNFL, and is
normal in the left eye (Fig. 5). Gonioscopy revealed bilaterally wide-
open angles with rare iris processes and no pigment. A detailed review
of medical history revealed no chronic steroid exposure.
The patient was referred to and evaluated by a pediatric neuro-
ophthalmologist, who noted intact color vision and no other neuro-
ophthalmic pathologies. Magnetic resonance imaging of the orbit and
Fig. 1. Bilateral optical coherence tomographic retinal nerve fiber layer analyses at the age of 7 years. A. Right eye intraocular pressure at this visit was 17mmHg,
with an average retinal nerve fiber layer thickness of 96 μm. B. Left eye intraocular pressure at this visit was 16mmHg, with an average retinal nerve fiber layer
thickness of 92 μm.
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brain were unremarkable. At this time, the patient was diagnosed with
glaucoma associated with sickle cell disease and normal baseline IOP,
and topical brimonidine (0.15%) therapy was initiated.
3. Discussion
When progressive optic disc cupping occurs with normal IOP in a
young patient, there are several possibilities to consider. First, the
cupping may be glaucomatous in a patient with labile IOP. Our patient
does not have stigmata of entities that may result in intermittent IOP
elevations, such as uveitis or pigment dispersion, which makes this
scenario less likely. His myopic refraction (without spherophakia) in
addition to his bilaterally open angles also make intermittent pupillary
block unlikely. The patient had a history of spontaneous subhyaloid
hemorrhage and we cannot discount the possibility of intermittent,
spontaneous hyphema and labile IOP causing progressive glaucomatous
damage, although the patient has never demonstrated active neo-
vascularization of the anterior segment on multiple examinations.
While diurnal IOP assessment was not performed, our patient's clinic
visits spanned both morning and afternoon hours and there were no
significant IOP fluctuations. Second, the cupping may be non-
glaucomatous, and the progressive RNFL thinning and concentric cup-
ping may be due to a neuro-ophthalmic etiology. Our patient had un-
dergone a comprehensive neuro-ophthalmic evaluation with
neuroimaging, which failed to reveal secondary causes. Third, the
cupping may be an artifactitious finding, especially in a child with
Fig. 2. Bilateral optical coherence tomographic retinal nerve fiber layer analyses at the age of 8 years. A. Right eye intraocular pressure at this visit was 17mmHg,
with an average retinal nerve fiber layer thickness of 90 μm. B. Left eye intraocular pressure at this visit was 17mmHg, with an average retinal nerve fiber layer
thickness of 84 μm.
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Fig. 3. Bilateral optical coherence tomographic retinal nerve fiber layer analyses at the age of 9 years documenting a bilateral decrease in the mean retinal nerve fiber
layer thickness in the context of normal intraocular pressure bilaterally. A. Right eye intraocular pressure at this visit was 16mmHg, with an average retinal nerve
fiber layer thickness of 84 μm, a decrease from the baseline of 96 μm. B. Left eye intraocular pressure at this visit was 14mmHg, with an average retinal nerve fiber
layer thickness of 80 μm, a decrease from the baseline of 92 μm.
Fig. 4. A. Baseline photograph of the right optic disc taken at the age of 7 years, 3 years after initially presenting. B. Follow up photograph of the right optic disc
taken at the age of 9 years, revealing concentric enlargement of the optic cup with thinning of the superior rim (arrow).
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progressive myopia, although the corroborating ancillary examinations
findings (both OCT-RNFL and stereo photographs) as well as the ap-
pearance of a visual field defect that corresponds to the area of RNFL
loss make this unlikely. Lastly, as a diagnosis of exclusion, the cupping
maybe due to an ongoing glaucomatous process in the context of
normal IOP.
In 2013, the 9th World Glaucoma Association Consensus panel, in
conjunction with the Childhood Glaucoma Research Network (CGRN),
established the diagnostic criteria for childhood criteria to include
elevated IOP (> 21mmHg on two or more occasions) in all diagnostic
categories.1 Since then, to our knowledge, there have been no convin-
cing reports of normal-tension glaucomatous progression in a child in
the ophthalmic literature until this current case. Our patient has mul-
tiple systemic issues stemmed from sickle cell disease, and the role of
microangiopathy on the susceptibility of glaucomatous damage is un-
certain, although vascular dysfunction and ischemia have been con-
sidered as important risk factors in the progression of normal-tension
glaucoma.2–5 In one cross-sectional study comparing adult patients with
and without sickle-cell hemoglobinopathies, sickle-cell patients had
thinner macula and peripapillary retinal nerve fibers compare to con-
trols.6 However, most glaucoma associated with sickle cell disease are
due to elevated IOP caused by neovascular closure of the angle and/or
recurrent hyphema.7,8
4. Conclusion
Currently, while elevated IOP remains a diagnostic feature in
childhood glaucoma, normal-tension glaucoma may be a rare but no-
teworthy entity in the evaluation of pediatric glaucoma suspects,
especially in patients with microangiopathic risk factors.
Patient consent
This report does not contain any personal health information that
could lead to the identification of the patient. A consent to use clinical
photographs and examination results for publication and educational
purposes was obtained in writing prior to all ancillary tests.
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